Contamination of water body by diffuse and point sources in springs has caused concerns mainly due to restrictions on its quality. The problem becomes more serious when contamination affects water for human consumption, as occurs in the river São Francisco, which supplies several municipalities of Sergipe. In this sense, the objective of the study was to evaluate water quality in eleven tributaries of the São Francisco river in its low course in the period from 2013 to 2014, in order to subsidize decision making by public management bodies operating in the region. For this purpose, it was used the Water Quality Index (WQI) and the Trophic State Index (TSI), as well the hierarchical grouping techniques associated to the samples to compare the different causes of contamination of each source. The lowest WQI values were observed in the rivers Betume and Jacaré and they were associated with high concentrations of coliforms related to the disposal of domestic effluents from the riverside cities. It was observed a tendency to eutrophication in the Jacaré stream, Santo Antônio, Pilões, Papagaio and Capivara rivers demonstrated by the high TSI in the rainy season. The results of the cluster analysis were close to their Euclidean distance, and showed that there were similarity relationships between the different water sources related to their parameters of water quality. In this piece of work, we also used the Factor Analysis resulted in the selection of five factors of water quality indicators which are mainly related to mineral content, organic matter, surface runoff and the level of pollution. Thus, it is concluded that the water quality of the São Francisco river tributaries is at a strong tendency towards contamination and that its tributaries need a constant monitoring for the environmental management decisions to be the most adequate for the sustainable survival of the riverside communities.
INTRODUCTION
The contribution of agricultural, urban and industrial pollutants to rivers in various parts of the world have led to the deterioration of water resources. Land use and occupation without planning contribute to anthropogenic actions which cause changes in local water quality and induce its pollution to unacceptable levels (SOUZA; GASTALDINI, 2014) . For Massoud (2012) , water quality reflects the aggregate effects of various processes which occur along water flow and is influenced by the characteristics of the river basin. Therefore, it is important to evaluate the water quality to suit its respective use (BARRETO et al., 2014) .
In this context, water quality problems involve a very broad spectrum within the areas of hydro-environmental study and determination of potential sources of contamination. Among these sources, it can be said that sediment and nutrient transports and the presence of organic matter in the river bed can cause irreversible damage, surpassing the river's self-purification capacity (WITTMAN et al., 2013) . All these anthropogenic actions have impacts which are interrelated with the natural processes which occur in the watershed (VASCONCELOS; SOUZA, 2011) . In order to have a proper management of water resources, the first step is the monitoring of water quality, to characterize physical and chemical parameters which allow to diagnose the changes caused by anthropic or natural actions, in the use and occupation of the land (BARRETO et al., 2014) . Monitoring involves a set of procedures which aims analysing certain characteristics of a system, always correlating to the established goal, which can be either the maintenance or recovery of the water quality. The water quality of water bodies can be investigated from changes in their physical, chemical and biological characteristics related to either anthropic activities or natural phenomena.
Procedures related to water quality monitoring include collecting water samples and obtaining data at specific locations, preferably geo-referenced, found at regular intervals, in order to generate information which can be used to define the present conditions of water quality (OLIVEIRA; CAMPOS; MEDEIROS, 2010) . The result of this monitoring is usually associated with a complex set of data which are often difficult to analyse, making it difficult to understand the real conditions of water quality. For this, it can be used statistical techniques which join the parameters analysed and thus provide consolidated information about the water quality of these sources.
When assessing the quality of surface water, we ought to employ methods of easy understanding so that information can be transmitted to users of this resource (FERREIRA et al., 2015; CUNHA et al., 2013) . The use of water quality indices has been an alternative to monitor changes (anthropogenic or natural) in water quality along a watershed or time (MORETTO et al., 2012) . In this piece of work, the Water Quality Index (WQI) and Trophic State Index (TSI) were used, as well as multivariate statistical techniques with Grouping and Principal Component analysis (GPC), aiming to determine the factors which are causing the deterioration of the quality of the water in springs of the low São Francisco river. It is worth mentioning that this is the first work, in this magnitude, to be developed in the lower São Francisco and which will provide subsidies for decision making by the environmental agencies which work in the region.
MATERIAL AND METHODS

Study area
The low course of the São Francisco river is located between the city of Paulo Afonso, state of Bahia and its mouth between the states of Sergipe and Alagoas, it occupies an area of 32,013 km 2 and 247 km in length . The São Francisco river is one of the main sources of water supplies in several cities in northeastern Brazil and its monitoring ought to be carried out in a continuous and integrated manner. In order to evaluate the quality of its water, rivers, streams, dam and drainage channels were monitored during the period of 2013 and 2014, considering the periods of floods and droughts of the studied regions (Figure 1 ). The surface water quality data for the Capivara, Papagaio, Pilões, Santo Antônio and Jacaré streams were provided by the Technological Research Institute of the State of Sergipe (ITPS) and the Superintendence of Water Resources of the State of Sergipe (SRH), with 4 campaigns, one each semester -two in the dry season and two in the rainy season. The other sources, and more important ones, were monitored in monthly campaigns, totaling 24 in the period from 2013 to 2014. Table 1 shows the monitored parameters and the analytical methods used. In order to identify the water quality conditions, the Water Quality Index (WQI) was used, which is an empirical form used to give answers about the quality of water, in values ranging from 0 to 100; the higher the number, the better the water quality (CETESB, 2008) .
The parameters considered for calculating the WQI and its respective weights can be observed in Table 2 .
The adopted WQI is an adaptation of the National Sanitation Foundation (NSF) water quality index, and it is determined by the weighted product of the values obtained for the parameters of Table 2 according to Equation 1. apresentaram proximidades com relação a sua distância euclidiana, e isso demonstra que houve relações de similaridade entre os mananciais distintos relacionados a seus parâmetros de qualidade da água. Neste trabalho também foi utilizada a Análise Fatorial que resultou na seleção de cinco fatores indicadores de qualidade da água que estão relacionados, principalmente, com o conteúdo mineral, matéria orgânica, escoamento superficial e grau de poluição. Dessa forma, conclui-se que a qualidade da água dos afluentes do rio São Francisco apresenta indícios de contaminação e que seus afluentes necessitam de um monitoramento constante para as decisões de gestão ambiental sejam as mais adequadas para sobrevivência sustentável das comunidades ribeirinhas.
Palavras-chave: Monitoramento ambiental; Eutrofização; Análise fatorial e agrupamento.
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On what:
(1) WQI = Water Quality Index (WQI); qi = quality of the parameter "i" obtained by the average curve of specific quality; wi = weight assigned to the parameter, due to its importance in quality (0-1). From the calculation, water quality was determined by WQI values ranging from 0 to 100, according to the ranges indicated in Table 3 . The Calrson Trophic State Index (TSI) modified by Lamparelli (2004) was also used, with Equations 2 and 3 established for lotic environments. 
On what: P total = total phosphorus concentration measured at the water surface, in mg.L -1
; CL = the concentration of chlorophyll on the surface of the water, in μg.L -1
; For the final calculation of the TSI, the simple arithmetic mean of the Ptotal and CL indices were used, according to Equation 4.
At each monitoring point, the arithmetic averages of the concentrations of total phosphorus and chlorophyll-a were used to determine the annual TSI, and were classified according to Table 4 . The use of multivariate analysis techniques to interpret water quality parameters can be used to classify similar groups and to express hydro-chemical responses with similar trends. Among these, clustering allows to classify a set of observation objects into homogeneous classes according to similarities, being used by several researchers from different parts of the world (ANDRADE et al., 2016) . According to Nonato et al. (2007) , the hierarchical grouping technique associates the samples with each other, and produces a dendogram, in which the similar samples are grouped according to the chosen variables. The smaller the distance between the points, the greater the similarity between the samples. The simplest way to look for clusters in n-dimensional space is to group the pairs of points that are closest to each other, using Euclidean distance, and replace them with a new point located half the distance between them.
The main hierarchical grouping methods are: the UPGMA (Unweighted Pair-Group Method using Arithmetic Averages), the median (or WPGMA) method, the nearest neighbor method, the far-neighbor method, the centroid method, and the Ward minimum variance method. All these operate under the matrix distances, avoiding the original data (CRUZ; FERREIRA; PESSONI, 2011).
Out of all these methods, Ward's minimum variance method is the most recommended because it tends to form approximately equal size groupings due to their minimization of internal variation. It consists of a hierarchical grouping procedure in which the similarity measure is used to join clusters and is calculated as the sum of squares between the two clusters obtained through the variables (HAIR et al., 2005) . At each stage, it is combined two clusters which present the smallest increase in the global sum of squares within the clusters. In the last years, several studies have used cluster analysis to assess water quality (LIMA et al., 2015; COSTA, 2015; PEREIRA, 2016) .
The large number of variables and springs analyzed in Lower São Francisco have produced data matrices with proportions which are inadequate to interpretation. In order to overcome this situation, a multivariate statistical technique was used, called Cluster Analysis, minimizing such difficulties and being used in several hydrological, hydro-meteorological and hydro-chemical studies (AZHAR et al., 2015; HOSSAIN et al., 2013 ; SALAH; TURKI; AL-OTHMAN, 2012).
Principal Component Analysis (PCA) is a multivariate statistical technique which proposes to reduce a set of data which present many interrelated variables with the lowest possible loss of information. The original data are defined in a new set of variables called principal components (LIMA et al., 2011) . In order to simplify the interpretation and to preserve its statistical properties, the orthogonal rotation of the factors was applied by the Varimax method, whose objective is to maximize the participation of the variables with greater contribution to each factor, making its loads higher and reducing the participation of variables with minor contributions (FIGUEIREDO FILHO; SILVA JÚNIOR, 2010).
RESULTS AND DISCUSSION
The use of environmental resources, most of the time, without any planning, causes degradation, compromising the quality of life of future generations. In this context, the use of monitoring tools such as WQI and TSI can collaborate in the control of ecosystems mainly in the lower São Francisco region.
In the rainy season, out of the eleven wells monitored (Figure 2A ), approximately 50% were classified as acceptable, that is, in the border region with a tendency to decrease the WQI. These values may be related to the release of urban pollutants from the riverside cities, which in most cases do not have adequate systems to treat their effluents. Similar results of WQI in the rainy season were obtained by other authors, such as Alves et al. (2012) , Andrietti et al. (2016) and Amorim et al. (2016) . Among the fountains evaluated in the rainy season, the Betume river presented the lowest water quality being considered "bad", WQI (34). This condition was mainly related to changes in the parameters: thermotolerant coliform with a value above 3.6 x 10 5 (MPN) and OD with 1.99 mg L -1 , caused by the leaching of the sewage from the communities of this region. It is also possible to observe that the water used in the flooded rice crop returns to the Betume river through drainage channels without any form of treatment.
In the dry period, the lowest WQI value (28) was observed in the Jacaré river in the year 2013, being also classified as bad, and ), as shown in Figure 2A . During the monitoring of this river, it was possible to observe throughout the study period the presence of a high number of aquatic macrophytes which are possible indicators of the nutrient contribution in the natural system. Some problems resulting from this enrichment by nutrients are the eutrophication process which promote the excessive growth of algae, resulting in an increase in the rate of organic matter decomposition, the reduction of dissolved oxygen and deterioration of water quality (SCHEER; LISBOA; BURDA, 2016).
The enrichment of the water bodies is associated to the increase of primary productivity and the occurrence of excessive development of algae or aquatic macrophylls, and may jeopardize their multiple uses (MAIA; CARVALHO; CARVALHO, 2015) .
Regarding trophic state conditions, it is observed, in the rainy season of 2013, that 36% of the sources presented a TSI above 60. The Capivara river, which had TSI values of 81, was classified as hypereutrophic, influenced by the high indexes of Chlorophyll-a and total phosphorus. In 2014, more than 45% of the springs were hypereutrophic with an TSI above 77 ( Figure 2B ). Surface water quality assessment of the main tributaries in the lower São Francisco River, Sergipe
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This condition is directly related to the agricultural activities in the irrigated perimeters which increase the concentrations of phosphorus with the use of agrotoxic and fertilizers. This increase in the contribution of Ptotal in the body of water is justified by the mechanism of surface runoff, often occurring in rainy periods, mainly in soils devoid of vegetation or with a predominance of ground cover, a similar result to those obtained in others work by Aguiar et al. (2015) , Alves et al. (2012) and Wiegand, Piedra and Araújo (2016) .
However, in the dry season with low rainfall and reduced agricultural activities, 64% (in 2013) and 36% (in 2014) of the sources presented a satisfactory TSI. It is worth highlighting that the recovery capacity of water sources is limited, especially when anthropic actions and eutrophication processes are on the rise, compromising water quality both for human consumption and for the conservation of local biodiversity.
After analysis of hierarchical grouping, the dendogram was determined in the rainy and dry period, according to Figure 3 . During the rainy season four groups were formed (1, 2, 3 and 4), Figure 3A . In Group 1, the subgroup formed by A-B-C had a better approximation (20.51) in relation to the subgroup D-E. When comparing the relation between groups it is observed that groups 1 and 2 had a better approximation (47.71), which characterizes the physicochemical parameters of the springs under study. While, for groups 3 and 4, it is observed a greater distancing (93.75), with tendency of formation of outliers (isolated).
During the monitoring period between 2013 and 2014, the drainage of Betume (3-14) , the dam of the Jacaré-Curituba (11-22) and the Papagaios river (9-20), formed by Group 1A, 1B and 1D, respectively, presented greater similarity and approximation. This condition indicates and ratifies a decrease of the anthropic actions in these regions during the monitoring confirmed by the stabilization of the results for the physical-chemical parameters. Still analyzing group 1A, the drainage of Betume (3-14) and Betume river (3-15), located in the same region of the irrigated perimeter, in which the rhiziculture predominates, it is expected an Euclidean approximation of 3.19 between these springs, in most of the physical-chemical parameters analyzed.
Also in the rainy season, the Santo Antônio river (4-7) being a tributary of the Berume river, presented a dendogram of 2.36, with this small distancing, being able to observe a similarity of relation between the parameters pH, total phosphorus, nitrate, ammonia, OD, temperature, chlorophyll-a and TSI. Even when compared with the Pilões river 2013 (4-8) and São Francisco river 2014 (4-13) with the Betume river, the Euclidean distances are 3.43 and 2.37, respectively, demonstrating that there is a similarity to the physical characteristics -chemical and microbiological characteristics of BOD, pH, total phosphorus, nitrate, ammoniacal nitrogen, temperature and WQI.
For the 2013 Onça stream, which is a tributary of the São Francisco river 2013 (1 -2), it presented a Euclidean distance of 16.68, which is a condition of distance, representing changes in physical-chemical and microbiological characteristics. Another similarity of this nature can be seen for Groups 3 and 4, which presents an isolated transition indicating statistically that its variables have different characteristics.
For the monitoring of the springs in the dry period, it was observed in the dendogram, the formation of four groups ( Figure 3B ). Groups 2 and 4 were considered outlier because they presented a greater distancing, characterizing groups isolated by virtue of their physicochemical parameters being distinct when compared with other groups.
Group 1 was formed by three subgroups which are A-B-C. Among these associations, group 1A formed by the São Francisco river (2-13) presented similarity in its physical-chemical parameters ( Figure 3B ). The same tendency occurred to the Onça stream and drainage of the Betume (1-3), having the location of its distinct and extreme springs, converge to a Euclidean approximation with a value of 3.14. Also analyzing the dendogram in the dry period, it is observed that the relation of the Santo Antônio river with the Pilões river (7-19) presented an Euclidean distance of 3.67, which characterizes similar parameters of BOD, OD, pH, total phosphorus, nitrate, ammoniacal nitrogen, temperature, chlorophyll and WQI, located in a semi-humid region. Still in Group 1, it is possible to compare the Jacaré (5) and the Papagaios rivers (9), which presented a distance of 38.64, showing that besides the remoteness and its isolation, it ratifies that the physical-chemical and microbiological characteristics in the period were different. Table 5 shows the results of the factorial analysis of the 18 parameters studied, with the temperature being withdrawn because it presents a value with low statistical significance. Thus, in the first factor, the most important variables were electrical 7/11 conductivity, total dissolved solids, hardness, anions (chloride, sulfate) and cation (sodium), representing the mineral content of the water, therefore important for the characterization of water of the lower São Francisco river. This factor indicates that the total dissolved solids presented a great contribution in the concentration of the ions, besides, the electrical conductivity is related to STD and hardness (KUMARESAN; RIYAZUDDIN, 2008) .
In the second factor, the variables were pH, OD and BOD. In addition, it is important to note that the use of organic matter (BOD) is an important factor in the development of organisms which are more adapted to these conditions, but with a tendency to the loss of aquatic biodiversity (ALVARENGA et al., 2012) . For the third factor, it is possible to observe the relationship of ammonia, thermotolerant coliform and nitrate in agricultural areas and that the flow of rainwater by the fertilized soils also contributed to the presence of several forms of nitrogen, among them, the nitrate ion, which is one of the limiting nutrients of aquatic life, being able to indicate the possibility of eutrophication of the water body and the ammonia which causes dissolved oxygen consumption of the natural waters to be biologically oxidized and consequently the deterioration of the quality of the body of water.
For the fourth factor, it is observed the relation of TSI with Chlorophyll and Total Phosphorus to evaluate the trophic state of the springs. The eutrophication process consists of an increase in the fertility of the aquatic environments, caused by the excessive intake of nutrients, mainly, total phosphorus and nitrogen. The nutrients come from the different uses of the soils in the vicinity of the hydrographic basins and the increase of their concentrations in the water has the consequence of the loss of its quality (SOUZA; GASTALDINI, 2014).
The fifth factor indicates the relationship of WQI and turbidity, which are inversely proportional, that is, when high turbidity occurs in the springs, the photosynthesis of submerged rooted vegetation and algae is reduced. Such reduced plant development can, in turn, suppress fish productivity by reducing aquatic biological communities. In addition, turbidity can adversely affect the domestic, industrial and recreational uses of water (CETESB, 2008).
In Figure 4 to 6, the box-plot graphs of some parameters which show significant differences between the concentrations measured in the dry and rainy period are shown for the main tributaries of the lower São Francisco river (Onça Stream -RO, São Francisco river -RSF, Betume river -RB, Betume Drainage -DRB and Jacaré river -RJ), using the Mann-Whitney statistical test with significance level α of 5%, corroborating the discussion above. The graphs were plotted with an n-sampling (number of collections performed between the years of 2013 and 2014) corresponding to 22 collections. Surface water quality assessment of the main tributaries in the lower São Francisco River, Sergipe
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The box-plot graphs above (Figure 4 ) show significant differences when comparing the dry and rainy periods for the dissolved oxygen parameter. In Figure 5 One of the main sources of phosphorus in the aquatic environment is the entrance of this nutrient due to the drainage basin (MARQUES, 2006) , the author reports that in the reservoir of the Luís Eduardo Magalhães hydroelectric plant, in the Tocantins, phosphorus concentration at the apex of the rainy season was verified. In the Velhas river basin, a significant difference was observed for this parameter between the dry and rainy periods, and the highest concentrations were found in the rainy season (PONTES; MARQUES; MARQUES, 2012).
The increase in phosphorus concentrations in the bottom of rivers and lakes can be explained by the sedimentation of "algae" particles and by the sedimentation of particulate phosphorus (TIECHER et al., 2017) .
BOD values indicate the extent of organic pollution in aquatic systems, which negatively affect water quality. In this work the BOD values ranged from 2.7 to 112.0 mg.L -1 , with the highest values found in the dry season. The box-plot graph for the biochemical oxygen demand (BOD), Figure 6 , shows a variation of the values in relation to the dry and rainy period, probably due to the concentration of organic matter in the body of water from the common evapotranspiration in the region in this dry period, it can be observed that there is an increase of the BOD values also in the period before the beginning of the rainy season, this fact is common due to the increase of the organic matter content in the water, consequence of the "washing of surfaces", both in the urban and rural areas, since there is consumption of dissolved oxygen for the stabilization of organic matter.
When comparing OD and DBO values for dry and rainy seasons (Figures 4 and 6) , it is evident that BOD is inversely proportional to OD, that is, the lower amount of oxygen present in the aquatic environment stimulated by organic matter will promote higher BOD rates (LATUF, 2004) .
It is understood, therefore, that the higher the BOD, the greater the degree of water pollution (ALVES, 2009) . A high BOD value may indicate an increase in microflora present and interfering with the equilibrium of aquatic life, as well as produce unpleasant tastes and odors, and may obstruct the sand filters used in water treatment plants (GOMES; SILVA; PESSOA, 2007).
Higher concentrations of pollutants due to seasonality are described in the literature. Grossi (2006) , the vicinal roads and carriages serve as a pathway for surface runoff, causing erosive processes, which intensify in the rainy season due to the increase in the amount and speed of flow.
As already mentioned, the values of TSI in the rainy season are worse because there is an increase of these pollutants carried to the bodies of water, which corroborates with the results obtained. 
CONCLUSION
The low WQI values for the evaluated springs show a tendency to the degradation of the water quality due to the anthropic actions in the rainy and dry periods. The values of physical-chemical parameters, such as OD, thermotolerant coliforms and nitrate in the Betume and Jacaré rivers do not meet the Class 2 quality standard of CONAMA 357/2005 357/ (BRASIL, 2005 .
The values found for the TSI showed a compromise in the water quality through the eutrophication of the springs, mainly in relation to the concentrations of Ptotal and Chlorophyll-a, these values, above the parameters of CONAMA 357/2005, for the Jacaré river, Santo Antonio, Pilões river, Papagaio river and Capivara river. The high values of TSI in the rainy season are related to the agricultural activities of the irrigated perimeters, which contributes to the degradation of the environment.
During the rainy season, the cluster analysis showed an association between the physical-chemical parameters of the Betume river and the other rivers: Santo Antônio river, Pilões river and São Francisco river. This is statistically due to the Euclidean square distance smaller than 3.5, which indicates a trend of similarity of physical-chemical and microbiological characteristics. In the same way, this relation of association occurred during the dry period, in the Onça stream with Betume drainage; in the Santo Antonio river with Pilões river, presented Euclidean proximities with distances smaller than 3.7.
The application of the Factor Analysis to the set of variables resulted in the selection of five factors indicating the water quality of the low San Francisco springs monitored, explaining 89.17% of the total variance. With the Varimax orthogonal rotation of the factors, it was observed that the water quality variables are mainly related to mineral content, organic matter, surface runoff and degree of pollution.
It ought to be emphasized that the results of this work aim to guide the optimization of the use of financial resources that should be applied to the monitoring of these springs, not necessarily their reduction. The techniques of hierarchical grouping associated with the samples to compare the different sources of contamination of each spring were used and showed promising results. However, the optimization of the monitoring network ought to take into account the concentration trends of the parameters, the history of the results, and especially, the technical and specific knowledge of the managing body, who should decide the possibility of changes in sampling frequency.
